In the 1990s, the transition countries in Central and Eastern Europe witnessed an upward trend in returns to education, unlike in Western European countries. This upward trend led to much higher returns than in what was observed in the communist period or compared to the West. The surveys EU-SILC collected since 2005 show that although returns to tertiary education were converging across Europe, there is still a big difference between East and West, with returns considerably higher in the East. Panel analysis reveals also substantial differences in the factors behind returns to tertiary education in the East and the West. The assumed negative relationship between the share of tertiary-educated workers in the working-age population and the returns to tertiary education were confirmed only in the West. The job vacancy rate has a significant negative impact on returns to tertiary education only in the East. While in the West the labour market seems to react more to labour supply, in the East labour demand plays a more important role.
Introduction
There is a contrast between theory and empirics regarding the trends in private returns to the education of workers. According to mainstream economics, returns are related to the productivity of their work. Therefore, it can be said that when labour productivity rises, and returns to education increase. However, in accordance with the law of diminishing returns to capital, returns to education are expected to decrease with the increasing supply of qualified labour. Accordingly, Becker's "Woytinsky Lecture Hypothesis" (Becker, 1975) was developed in labour economics and claims that marginal returns to education fall as the proportion of the population with higher education rises.
Twenty-five years ago, this explanation was supported by evidence collected over various periods up to the mid-1980s by Psacharopoulos (1989, pp. 227-228 ) on a set of developed and developing countries. He found that educational expansion is usually followed by a decline in returns to education and concluded that "the evidence seems to be more consistent with the human capital theory of the relationship between education and earnings, rather than the alternative theories of screening, segmentation, or the maintenance of the status quo from generation to generation".
However, returns would also remain stable if the growing supply of better-educated workers was offset by a higher demand for skilled workers as a result of technological change and more complex management in the knowledge-based society. To determine the effect of education on wages, Barth and Lucifora (2006) examined twelve European countries between 1985 and 2000. They found that while the relative supply of tertiary education was on average 20 per cent, such a "supply shock" did not affect the wage premium attached to tertiary education, which remained stable.
In fact, as available evidence suggests, there was no consistent trend in returns to education in West European advanced countries, but their direction and scale varied. In contrast, in the transition countries of Central and Eastern Europe, returns to education increased rapidly and noticeably during market liberalisation. Using the human capital theory to explain their development is insufficient here. Although "communist human capital" was appropriate for capitalist markets (Flanagan, 1998) , it cannot be assumed that simply owing to the change in regime labour productivity rose fast enough to explain such an increase in returns. Fleisher et al. (2005) explanation for the changes is the easing of legal, regulatory, and institutional constraints on wage-setting. Thus, the faster the reforms proceed, the faster the returns to education adjust to market rates. However, the systemic changes went well beyond the economy itself and the rapid increase in returns to education in transition countries is not only a matter of economy. Transition and reforms also brought about a change in the value system, which had important effects on the "market rates" of education. To explain such a change we have to take into account the inferior position of education under the communist value settings and how it changed to the opposite in the transition (Večerník, 2009, Chapter 4) .
The aims of this article are: first, to gather available information on changes to returns to education in two past decades; second, to present new facts on recent developments in returns to education in European countries; and, third, to search for explanatory factors of East-West differences.
The second section thus briefly overviews the results that have been collected to date, which in sum indicate that while in Western economies the trends of returns to education differ, in Central European post-communist countries they have increased since 1990. The third section looks at the trends of returns to tertiary education using the EU-SILC surveys of 2005-2014 showing the sustained superiority of transition countries over Western Europe. In the fourth section, a macro-level is added to examine the effect of the increasing supply of educated labour on returns to tertiary education and other factors resulting in a substantial difference between the East and West of Europe.
Trends in the 1990s: Divergent Paths
The evidence on the trends in returns to education and their various aspects in the 1990s was based on collecting national data from various sources. In Western European countries, the topic was investigated specifically in two large comparative projects financed by the EU research programmes: the Project "Public Funding and Private Returns to Education" (PURE) described the period 1985 -1995 (Harmon et al., 2001 , the Project, "Education and Wage Inequality in Europe" (EDWIN) described the period 1984 -2003 (Dolton et al., 2009 .
The Final Report of the PURE Project stated: "There does not seem to be a clear pattern in the trends, however. In total, there appears to be 15 cases of no trend, 7 cases of increasing returns, and 7 cases of decreasing returns" (PURE, 2001) . EDWIN Project concluded: "The countries are divided into four categories: (1) decreasing trend at all educational degree levels with the decline rising with the educational level (France, Portugal, Sweden);
(2) opposite trends across educational degree levels with decline only at the tertiary level (Finland, Germany, UK); (3) opposite trends across educational degree levels with increase only at the tertiary level (Norway); (4) increasing trend at all educational degree levels (Greece, Italy)" (EDWIN, 2006) .
Among advanced European countries, there are several of them where the returns decrease in line with the theoretical expectation that the more widespread higher skills are, the lower the returns on them compared to lower levels of education. For the UK, Moffitt (2007) estimated marginal returns to higher education and demonstrated that these returns fall as the proportion of the population with higher education rises. For Sweden, a steady decrease of returns to education was documented by Björklund (2000) . For Austria, Fersterer and Winter-Ebmer (2003) revealed that returns to education have considerably fallen in the period 1981-1997. For France, Thélot and Selz (2004) stated that returns to education between 1964 and 1985 decreased from 11 per cent in 1964 to 9 per cent in 1985 and have remained stable since.
In contrast to the diverging development in Western countries and the occasional decrease in returns to education, the statistical data for post-communist countries consistently demonstrate increasing returns to education, in particular during the early transition. Extensive literature on this is available on the Czech Republic (Filer et al., 1999; Jurajda, 2003; Munich et al., 2005; Večerník, 2013) . The evidence shows a substantial rise also in Hungary, Poland and Slovenia (Kertesi and Köllő, 1999; Rutkowski, 2001; Stanovnik, 1997) . The data from those and several other countries (Estonia, Romania, Russia, and Ukraine) were summarized by Fleisher et al. (2005) , who showed a fairly steep increase of returns to education in all of them. Psacharopoulos and Patrinos (2004, p. 114) wrote that "the real reason one should be sceptical about indiscriminate rate of return compilations, and in spite of the efforts of the compilers, is that in the original works the estimates are rarely fully comparable.
Cross Europe Comparison in the 2000s: the Micro-Level
There are two main sources of non-comparability: data sample coverage and methodology. Ideally, a rate of return to investment in education should be based on a representative sample of the country's population. But in reality this is the exception rather than the rule". This was valid for the comparison across countries in the 1990s presented above.
However, for the 2000s, two new sources emerged, which allow a better comparison of EU countries. Since 2002, every four years Eurostat produces the cross-national Structure of Earnings Survey (SES), which collects information on earnings in firms and companies with at least 10 employees in the Industry and Services sector. Another source is the survey The European Union Statistics on Income and Living Conditions (EU-SILC), which contains datasets with personal information on gross/net earnings. These data have been available for all EU countries yearly since 2005.
Data sample and variables
The analysis uses EU-SILC 2005-2014 cross-sectional individual data to estimate returns to tertiary education. The sample includes 29 European countries, of which 11 are new EU member states that have joined in or since 2004 (except for Malta and Cyprus), which for the sake of simplicity are referred to here as "Eastern Europe", and 18 Western European countries (EU-15 plus Switzerland, Iceland and Norway). The income reference period is usually the previous calendar year, except for the UK (current year) and Ireland (the last twelve months). Therefore, returns to education obtained from, for instance, EU-SILC 2005 data are used for the year 2004 and -so far the last available -EU-SILC 2014 data are used for the year 2013.
The selection of prime-age (25-54) respondents ensures that their job choice and corresponding wage level are not influenced either by schooling (in the bottom tail of the age distribution) or by retirement (in the top tail). Current part-time or full-time employees were selected for the wage equation estimation. The self-employed were excluded because their fluctuating earnings would bias the analysis (Heckman, 1979) . In order to estimate the first step of the Heckman model, the sample was supplemented with the inclusion of noworking individuals, namely the unemployed and other inactive persons. Students, (early) retired, disabled, and people in compulsory military service were excluded.
The dependent variable in the main wage equation is a logarithm of hourly gross wage. As this variable is not directly available in EU-SILC datasets, it was derived from the gross annual wage adjusted to the number of months of part-time and full-time employment during the year under observation and to the number of hours usually worked per week. In the early years of the EU-SILC survey, countries could choose whether information on net or gross earnings would be surveyed. Data on the gross annual wage were thus missing in several countries in 2005-2006, but, fortunately, information on gross monthly earnings was provided for all these countries except for Latvia. In a majority of countries, hours worked and other job characteristics are related to the current situation, while the earnings are related to the previous calendar year. Therefore, in countries where this variable is available, workers who changed their job during the previous year were excluded in order to avoid the situation where job characteristics and working hours would not correspond to earnings.
Our primary focus is placed on education, and more precisely on a dummy variable for tertiary education (ISCED 5 and 6). A dummy for low education (ISCED 0 to 2) is included as well. Hence, the reference group consists of respondents with secondary education (ISCED 3 and 4). The wage equation includes a dummy variable for males and work experience measured in years (and its square). The direct variable indicating the number of years spent in paid work is not available, or includes an inacceptable share of missing values in some countries. In these cases, years of work experience were derived as the year of the survey minus the year when the highest level of education was attained.
The wage equation further includes the following set of available job characteristics. First of all, it introduces two dummies for employees working in a local unit with a maximum number of 10 workers and 11-49 workers (reference group 50+ workers). As large companies typically offer higher wages, these two variables are expected to have a negative impact on wage level. We also have a dummy for workers with an open-ended employment contract (reference group covers workers with limited contract, temporary jobs and with jobs without any contract; missing in Denmark and in the UK in several waves), a dummy for a supervisory or managerial position and a dummy for living in a larger city (missing in the Netherlands and Slovenia) and finally 7 dummies for occupation type.
Education and gender dummies are included as explanatory variables in the selection equation. Additionally, this equation includes two dummies for age categories (24-35 and 35-44) , dummies for the presence of children aged 0-2 and 3-5 years old, a dummy for living with a partner and a dummy for non-earned income. The latter equals 1 if the unearned household gross income represents more than one-half of the national poverty line, and zero otherwise. Since gross values were missing in the early years of the EU-SILC in several countries, net values were used for Spain, Greece, Italy, Portugal and France.
The Heckman selection model methodology
In our analysis, we use the selection wage model to estimate returns to tertiary education. The Heckman's (1979) selection procedure is a two-stage model. First, a probit model for the probability of having a job is applied. In the second stage, predicted individual probabilities are added as an explanatory variable to the wage equation. If the unobservables in the participation equation are correlated with the unobservables in the wage equation, the estimates without correction (in an OLS model) would be biased. This basically means that the unobservables in the selection (or choice) of working individuals affect also the wage equation. In other words, selection into the sample of working individuals is a nonrandom process affected by different unobservables. The estimated wage function under the selection-corrected Heckman model is:
where vector X i includes all explanatory variables of the wage equation, ϕ and Φ signify standard normal density and distribution functions, respectively, V i represents the vector of explanatory variables of the participation equation that should differ from the one included in the wage equation, ρ is the correlation coefficient of the wage and participation equations and σ ε is the standard deviation. Robust standard errors were applied in order to avoid heteroscedasticity. 1 The Wald test of the independence equations is used to identify if ρ significantly differs from zero. The results showed that there was no significant selection into employment in several countries in some years. In such cases, however, the coefficient obtained from the Heckman model differed only negligibly from the one obtained from the standard OLS wage regression. The estimations are weighted by personal cross-sectional weights.
Results of the analysis
According to EU-SILC data, the level of returns to tertiary education differs considerably across European countries ( Table 1 ). The coefficients in the Heckman regressions, which indicates that the relative rewards of tertiary-educated workers compared to secondaryeducated ones fluctuate between roughly 0.1 and 0.4. In the last year of observations, the lowest returns are found in Scandinavian countries and Spain, while the highest returns were identified in Slovenia, Hungary, Portugal, and Latvia. In transition countries in 2013, returns are high overall, but among them, the Czech Republic ranks nearly last (that is the lowest returns) and Romania is the very last.
During the period under observation almost no country displayed a consistent upward or downward trend or a rough stability. On average, the values were slightly increasing up to 2009, after which year they started falling and continued to do so until 2012. The small increase before 2009 on average was caused mainly by the development of returns to tertiary education in transition countries, which was upward, with the exception of Hungary and Poland where the returns were high anyway. In the West, returns to tertiary education increased in some countries as well. The highest increase occurred in Sweden, followed by UK, Spain, and Germany; however, returns to tertiary education remained lower than in any Eastern country in 2009. The data presented in Table 1 show the year 2009 as a turning point when the up to that time rising returns to tertiary education started to decrease. This has to do with the economic recession at that time. However, the turnaround is not very dramatic and it occurred to a different degree in different countries. In some countries the turning point did not occur until 2010 and in some countries it did not occur at all. Overall, changes over time were much smaller than the differences between countries, which remained on quite a similar level as before. The returns to tertiary education are thus still considerably higher in Eastern than in Western Europe. 1 We are aware of a possible endogeneity of education. A proper solution would be to apply an instrumental variables regression. However, the instruments for education, i.e. the education of parents, are available from the EU-SILC additional modules on the intergenerational transmission of inequalities fielded only in 2005 and 2011. 
A Cross-Europe Comparison in the 2000s: the Macro-Level
In this section, we aim to test the hypothesis that an increase in the supply of educated labour reduces its marginal product and thus the returns to education. In recent decades, European countries have experienced a boom in tertiary education. According to the ILO database, we can estimate that on average this percentage in Western countries was about 20 per cent in the beginning of the 1990s and it reached 32 per cent in 2012. In transition countries, the percentage was about 14 per cent in the 1990s and it reached 27 per cent in 2012. Evidently, the number of workers with tertiary education grew faster in transition countries and despite the continuing rise in the West the gap between the two groups of countries decreased. 
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To begin, we examine the simple relationship between returns to tertiary education estimated with the Heckman model in the previous section and the percentage of people with tertiary education among the working-age population (Figure 1) . When comparing the two time observations, we can first see that, in general, the returns to education are indeed lower in countries with a higher share of educated workers. However, this relationship only applies in Western countries, while there is no such relationship in transition countries. Second, the relationship became looser over time in the West, while rather the opposite occurred in the East. 2 This suggests that the Eastern labour markets are far from saturated with tertiary-educated workers. 
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Methodology and data
The more detailed analysis in this section uses panel regression models with countries as the unit of observation. For all the models presented below, the Hausman test (Greene, 2008) indicates that the random-effects model is more suitable than the fixed-effects model. Furthermore, the Breusch-Pagan (Breusch and Pagan, 1980) 
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that the random-effects panel model is more fitting than the simple OLS regression for all the models. Robust standard errors are applied to avoid heteroscedasticity. The random effects model is
Where u it is the between-country error and ε it is the within-country error term. The dependent variable is return to tertiary education for each country i and for year t obtained from the Heckman selection models based on the cross-sectional individual data described in the previous section. Vector X it includes explanatory variables. The variable of interest is the share of individuals with tertiary education in the working-age population (16-65), as obtained from EU-SILC. As noted earlier, the income reference period in EU-SILC is the previous calendar year, while education is related to the time of the survey. Hence, each two subsequent waves are combined in order to determine the returns to tertiary education and the share of tertiary-educated people in time t. The panel data thus cover nine years, with t ranging from 2005 to 2013.
The set of control variables includes the following country-level indicators:
 Job vacancy rate (the number of job vacancies as a share of the number of occupied posts plus the number of job vacancies, Eurostat). Job vacancies serve as a measure of labour demand. An optimal variable for our purposes would be the ratio of vacancies for people with tertiary and secondary education, but such a division is not available in the Eurostat database. In most countries, the majority of employed people have secondary as opposed to tertiary education. In the majority of Eastern European countries this difference is as much as two-fold. Therefore, it can be expected that if labour demand increases, the demand for secondary-educated people will rise faster than the demand for tertiary-educated, the wage gap between tertiary-and secondaryeducated decreases, which would result in a negative impact on returns to tertiary education.
 Life expectancy at birth (Eurostat). Income inequality is negatively correlated with life expectancy (see among others Mayrhofer and Schmitz, 2014;  seminal study by Preston, 1975) . Longevity is a concave function of income on an individual level and, consequently, a more egalitarian income distribution leads to a higher life expectancy. In this sense, life expectancy might serve as a proxy for an overall tendency for a more egalitarian income distribution in a country and lower wage differentials, and thus, a negative impact on returns to tertiary education can be expected.
 Employment in services (as a percentage of total employment, Eurostat). Based on the empirics compared to manufacturing not only do services attract more tertiaryeducated people, but also the wages (in that sector) are higher (a positive gap between the average wage in services and manufacturing adjusted for skill composition has been demonstrated, for example, by Genre et al., 2005) . A positive effect might therefore be expected.
 Implicit tax rate on labour (ratio of direct taxes, indirect taxes and compulsory actual social contributions paid by employers and employees to employed labour income, Eurostat). 3 The effect of the tax rate is unclear and it mainly depends on the progressivity of the tax system (see among others Mendolicchio and Rhein, 2014) .
Furthermore, several other country-level characteristics were tested: GDP -empirics show that returns to education are larger in poor countries, and so a negative impact on returns to education was expected (Banerjee and Duflo, 2005, p. 488) ; R&D expenditure -the growing productivity of educated labour due to technological changes increases the demand for it (Mincer, 1991) and therefore the returns to education should grow; and trade union density -the empirical results are rather ambiguous, but several explanations for the "flattering" hypothesis can be found (Ashley, 1999) according to which the effect of education on wages for union members is lower than for non-union members, and, therefore, a negative impact was expected. None of them was significant in any model specification. Table 2 shows the results of a basic panel regression with only the variable of our main interest and the regional dummies included. The expected negative impact of the share of tertiary-educated population on returns to education was confirmed for Europe as a whole (Model 1). 4 After controlling for the share of tertiary education, the difference in returns to education between the Eastern and Western of Europe suggested by the results in the previous section are confirmed: A dummy for Eastern Europe indicates higher returns to tertiary education in this region (Model 2). The Chow test (Chow, 1960) confirmed that the Model coefficients for Eastern and Western Europe are significantly different. As Models (4) and (6) show, the negative impact of the share of tertiary education decreases returns to tertiary education only in Western Europe, while there is no significant effect in Eastern Europe. 5 In order to capture the unmeasured effects of, among others, welfare system or culture within Europe, we added five dummies for various European regions: the Visegrád Four, the Baltics, the rest of Eastern Europe, Scandinavia and Southern Europe (with the rest of Western Europe for reference). Except for the Baltics (significantly positive effect) and 3 The latest data available are for 2012; as a result, the panel regression with control variables has to be shortened to eight years.
Results of the analysis
4
The causality between returns to tertiary education and the share of tertiary-educated population might be questioned. Granger's predictive causality test was performed in order to indicate that the share of tertiary-educated population Granger-causes returns to tertiary education and not vice versa. The test (including one and two lags) rejected the null hypothesis of no Granger causality, while the same cannot be said about the opposite direction. Moreover, an IV panel regression, where the share of tertiary-educated population was instrumented by its (up to three) lags, was run to further support the idea that the direction of the causality in the applied regression models is correct.
The results were the same regarding the significance and the sign and the coefficients were even higher.
5
The Wald test indicated that the models for Eastern Europe are not appropriate; see Columns (4) and (5) in Table 2 .
Scandinavia (significantly negative effect), these coefficients did not show a significant impact on returns to education either in the model for Europe as a whole or in the models for Eastern and Western Europe. Table 3 shows the final results including the control variables described in previous subsection. Only variables statistically significant at least at the 10 per cent level in at least one region were finally included into the analysis. The negative impact of the share of tertiary education remains significant for Europe as a whole. As opposed to the basic model in Table 2 , the dummy variable for Eastern Europe is not significant. This means that after controlling for national relevant variables, the gap in returns to tertiary education is no longer remarkable. The Chow test indicates that it is appropriate to run the model separately for Eastern and Western Europe. Moreover, the Chow predictive tests, which test a subgroup versus the total sample, suggest that the West European subsample should be separated while the East European subsample should not. 6 The models for Eastern Europe therefore seem unstable.
The results in the Eastern and Western of Europe differ substantially. The negative relationship between the share of tertiary-educated people and returns to education was confirmed only in Western Europe. In the East, the share of tertiary-educated people has no effect on returns to tertiary education. On the contrary, the job vacancy rate has a significant negative impact on returns to tertiary education in Eastern Europe and no effect in Western Europe. It appears that in the West, the labour market reacts to labour supply, while labour demand plays a more important role in the East.
Regarding the other indicators, the indicator life of expectancy showed a significant negative effect in the East. Employment in services increases returns to tertiary education only in the East. The tax rate showed a significant effect in both the West and the East, but while the effect on returns to tertiary education was positive in the East, it was negative in the West. The higher the taxes on labour in Western Europe are, the lower the difference in wages is for workers with tertiary and secondary education. Thus, while the tax system has an equalising effect on educational wage differences in Western Europe, the effect is quite the opposite in Eastern Europe.
In both groups of countries, the explained within-country variance in returns to tertiary education is considerably smaller than the explained between-country variance. Consequently, the variables included in the models capture differences among countries relatively well, while they fail to explain changes over time within countries in the period under observation. The difference between the East and the West of Europe has remained about the same since the mid-2000s, unlike the increasing similarity of the two regions regarding returns to education and the eventual superiority of the Eastern European countries occurred in the 1990s. 
Conclusion
In Western countries the empirics of returns to education have for decades been addressed in numerous studies. Most of them show quite different levels of returns to education and fail to identify any uniform trend for the 1980s and 1990s. Instead, they present a rather mixed picture of small increases or decreases and often almost a stability of returns to education. The evidence thus does not clearly indicate how and owing to what factors (and, after all, in conformity with which theories) returns to education changed in advanced economies over time.
For transition countries there are far fewer studies. Nevertheless, since 1990, with the advent of new regimes across the region and the availability of large statistical surveys, research in this area has been growing. Most studies concur that there has been a uniform upward trend in rewards to higher education. As was expected, in the place where education was deliberately degraded during the period of "working-class rule", there occurred a change as education started to be valued under the market system and democratic regime. This change was often substantial and fast. For instance, returns to education in the Czech Republic for one year of schooling doubled between 1988 and 1996.
Since the mid-2000s, the EU-SILC surveys have served as a unique database for Europe. The data show some volatility of returns to higher education within a narrow range. We can cautiously point to data from 2009 as a kind of turning point, when returns to education that had been rising or stable to that time started to decrease slightly. Changes over time have always been much smaller than the differences between countries, which have changed little. Unlike the small changes over time, the range of cross-country differences is quite wide.
As regards the factors behind the different returns to education across countries, there are substantial differences between the Eastern and the Western of Europe. The expected negative relationship between the proportion of tertiary-educated in the active population and returns to education was confirmed only in the West. By contrast, the job vacancy rate has a significant negative impact on returns to tertiary education only in the East. This result suggests that in Western Europe the labour market reacts to labour supply, while labour demand plays a more important role in Eastern Europe.
In both groups of countries, the explained within-country variance in returns to tertiary education is considerably smaller than the explained between-country variance of returns. The variables included in the models capture the differences between countries relatively well, but they fail to explain changes over time within countries. The difference between the East and the West has remained about the same since the mid-2000s, in contrast to the striking trend of decreasing differences during the 1990s due to the rapid increase of returns to education in transition countries. Returns to tertiary education are thus still considerably higher in East Europe than in Western countries.
